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Fortword 

Th*  work  roportod  boro  woo  porforaod  by  Atoaleo  Zatorootloo*!,  o 
Mvioion  of  North  Aaorleoa  Avlotlon,  uodor  tho  ouopleoo  of  tho  Ooport- 
■ont  of  Dofonoo  throng  tho  Advoaeod  Rooooreb  Projoet  Afoney.  Cootroet 
AF  3}(657)-71>6  loouod  uodor  ARPA  Ordor  No.  24-61,  Project  002,  "Notorlolo 
Thorool  Proportloo”,  woo  odolnlotorod  by  the  Diroetoroto  of  Notorlolo 
ood  Proeooooo,  Deputy  for  Toehaology,  Aoronoutleol  Syotooo  Dlvloloo,  with 
Mr.  Ryooo  Noreuo  oetloc  ••  project  oncinoor.  Thlo  repert  eovoro  werk 
conducted  froo  Auguot  1,  196I  to  Septcober  30,  I96I. 

^Alo  loTcotlgetlon  le  on  extcnelon  of  work  prcvlouoly  perfomed 
under  Controet  AF  33(6l6)-6794  which  woo  under  the  rooponolble 
ouporvlolon  of  Dr.  N.  R.  Mukhor jeo  of  the  Tberooelectrlc  end  High 
Tepperoture  Hoterlolo  Section.  The  preoent  work  lo  under  Dr.  S.  C. 
Cornlglle  of  the  Fuelo  end  Hoterlolo  Deportoent.  Mr.  Mork  Nokoto  hoe 
joined  In  thlo  work  end  boo  eoouoed  on  laportont  role  In  the  esperl- 
oentol  phoee  of  the  tronolent  thorool  dlffuelvlty  opporotuo. 
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*  I  * 


Stttdjr  of  ThT— 1  ProDTtiM  of  B«fr>etorijy 
by  R.  Ei  Taylor  oad  N.  K.  Rokoto 


X*  lotroduetioa 

Tho  prlaory  purpeoo  of  this  pro Joe t  io  to  ooaourot  daaeriba* 
aad  uodarataad  tho  tbaroal  propartiaa  of  rafraetory  aatarlala 
froo  aabiaal  taoparatora  to  taoparaturaa  approaehiag  tha  aaltiag 
point.  Tbia  quairtarly  prograaa  raport  covara  tha  pariod  froo 
Aigvat  It  1961  to  Saptaobar  50,  1961. 

Dua  to  dalaya  la  fuadiag,  laork  waa  earriad  out  at  a  low 
laval  of  activity  during  coat  of  tha  quartar.  Bowavar,  boeauaa 
aaaantinlly  all  of  tha  davalopoantal  work  on  tha  photoalaetrie 
pyronatar  had  baan  eonplatad  during  tha  praeading  pariod,  aub« 
atantial  prograaa  waa  nada  toward  tha  davalopaaat  of  tha  opparatuo 
for  tranaiaat  tbaroal  proparty  oaaauraoaata.  Thio  phaaa  of  tba 
work  ia  daaeribad  in  Saetion  11. 

In  ordar  to  obtain  iaforoatioa  on  tha  tbaroal  propartiaa  of 
rafraetory  aatariala  during  tba  davalopaaat  of  now  approaebaa,  an 
affort  utiliaing  axiatiag  taebaiquaa  baa  baan  aaintaiaad.  Tba 
atatua  of  tbia  work  ia  daaeribad  in  Saetloaa  III  aad  IV. 


.  a  - 

II.  Statua  Rtport  oe  Tfneitnt  Th«fl  Proptrty  Apparatua 

Tba  ioertattd  atnaitlvity  ratultiog  froa  tbt  eoaplatioo  of 
tbt  pbotoalaetrie  pprosettr  daacribad  in  patt  rtporta^*^  and 
tht  uaa  of  pbotographle  Itebniquae  plnpointad  probltaa  in  tbiold- 
ing  and  aaaplt  holta.  Spacificaliy,  It  waa  ditcovtrtd  that  a 
aignificant  aaouot  of  etrap  radiation  woe  antaring  tba  datactor 
and  that  tha  focuaing  arraogaaant  waa  ioadaquata. 

Kodifieatiooe  in  tha  radiation  ahiald  aaaaablp  wara  tharafora 
Bada«  1)  to  raduca  tha  aaouot  of  haat  ganaratad  in  tba  abialda 
dua  to  RP  aoargy  pickup,  and  2)  to  cut  down  tba  aaouot  of  epurioua 
radiant  aoargy  raachiog  tha  datactor  to  a  oagligibla  laaal,  by 
aaaoa  of  auitabla  ohialda  and  colliaatora.  Tha  configuration  la 
abowo  in  Figura  1.  A  aarkad  dacraaea  in  RF  aoargy  pickup  by  tba 
tantalua  ahialda  waa  obtaioad  by  placing  than  juet  abova  tba  cod- 
caotrator  ioataad  of  aztaodiog  thaa  into  tha  apaca  occupiad  by 
tha  haatar  and  apaciaan.  Furthar  raduction  in  tba  abiald  taapar- 
atura  waa  aada  by  cutting  radial  alita  and  punching  pinbolaa  in 
tha  ahialda. 

Tha  aajor  aourca  of  apurioua  radiation  waa  found  to  ba  tha 
acattarad  light  taanatio^  froa  tha  apaca  batwaan  tha  individual 
ahialda  and  batwaan  tba  ahiald  aaaaably  and  tha  aaapla.  Caraaic 

tharaocoupla  tubaa  approxiaataly  .060  in.  I.D.  and  1/2  in.  long 

a 

wara  inaartad  through  tha  aight  bolaa  of  tha  ahialda  to  within 
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•pproKiMtaly  0.01  in*  froc  tb«  Maple*  to  correct  this  condltioo. 
It  woo  oloo  found  thot  tbo  diffuoo  rodiotion  froa  tbe  outoraoot 
obiold  ood  ocottored  light  froa  the  pyrex  vocuua  eocloouro  con* 
tribttted  o  oignificoat  oaouot  of  rodiotion  to  tbo  dotoctor.  A 
oecondory  rodiotion  obield  conoioting  of  on  oluaino  ring  wbicb 
encircleo  tbe  tontolua  ebieldo,  end  on  oluaino  dioc  wbicb  fito  on 
tbo  ring*  oil  but  eliainoted  tbe  diffuoe  rodiotion  reoebiog  tbo 
pyroaoter.  Finolly*  o  «aoli  out  oignificoat  oaouot  of  radiation 
woo  being  picked  up  by  tbe  pyroseter  froa  tbe  eight  hole  wbicb 
woe  not  baing  aeaoured*  becouoe  of  tbe  proxiaity  of  tbe  boleo  and 
tbe  dietenca  of  the  pyroaeter  froa  the  opeciaen.  A  aheet  of 
aetol  in  which  two  G.l  in.  boleo  were  drilled  to  aotch  tbo  aight 
boleo*  weo  placed  over  the  aight  windowo*  oo  that  tbe  narrow  baoa 
of  radiation  froa  only  the  eight  hole  being  acaeurad  would  reach 
the  pyroaeter  optica. 

Two  0.060  in.  flight  holea  were  drilled  into  the  apeciaco  to 
a  depth  of  7/16  in.,  and  concentric  boleo*  0.0^0  in.*  were 
drilled  within  the  larger  boleo  to  a  depth  of  1/8  in.  The  narrow 
ahoulder  at  the  bottoa  of  the  larger  holea  wao  then  uoed  aa  a 
guide  to  focus  tbe  pyroactera  accurately  on  tbe  bottoa  of  the 
flight  holea.  The  redlant  energy  paooing  to  the  pbototuba  waa 
Halted  to  an  area  of  approxiaately  O.O3O  in.  diameter  by  adjuot* 
Ing  an  irio  diaphragm  in  tbe  optical  oyatea. 


Tbe  photoelectric  pyrometer  wao  described  in  a  prerloua 


« 


-  <1 . 

rtport.^  Hinor  ^djuitacots  w«r«  cads  lo  Uprovt  the  foeutiag 
■•cbaoiM  and  to  pravtol  changaa  In  tba  pbotoaultlpliar  output 
dua  to  alight  ahiftlng  of  the  phototuha  within  tha  pjrosatar 
houaing. 

laprofasanta  wara  aada  in  tha  apaeiaan  and  haatar  aupporta 
ao  that  inconaiataneiaa  in  tha  pattarc  of  tharaal  tranaport 
which  wara  obaaraad  in  aosa  of  tha  pravioua  runs  war#  eoaplataly 
aliainatad. 


Abaoluta  taaparatura  dataraioationa  wara  aada  with  an 
optical  pyroaatar .  Tha  pyroaatar  uaad  waa  a  Pyro  Kico  optical 
pyroaatar,  which  waa  calibrated  agaioat  a  tungatan  filaaant  laap 
calibrated  at  the  National  Bureau  of  Standarda.  Tha  aaiiaua 
uncertainty  in  tha  present  calibration  ia  aatiaatad  to  ba  s  17«C. 
Tha  repeatability  of  raadinga  for  tbia  pyroaatar  ia  ♦  2*C.  Cor¬ 
rection  for  tba  absorption  of  the  aigbt  window  and  priaa  which 
wara  uaad  in  conjunction  with  the  optical  pyroaatsr  waa  alao 
dstarainsd. 

The  photocurrant  output  froa  each  of  tha  aigbt  bolaa  at 
steady  stats  was  aaasursd  and  plotted  against  tba  tsaperaturss 
obsartsd  with  the  optical  pyroaetsr  to  dstarains  wbstbar  tbs 
photocurrant  output  was  an  accurate  function  of  tbs  taaparatura 
of  tha  boles.  Tha  calibration  curve  obtained  in  the  present 
work  is  shown  in  Figure  2.  It  ia  encouraging  to  note  that, 


within  the  ••naitivitj  of  th«  optical  pjronatar,  tha  pbotoeurraot 
output  it  tha  aaaa  for  both  ai^ht  holaa,  ovar  tha  taaparatura 
ranca  covarad.  Tbit  ia  ao  indication  that  tha  contribution  of 
apurloua  radiation  baa  baaoi  raducad  to  an  inaignificant  laaal. 
Although  tha  optical  pjrosatar  will  indicate  a  taaparatura  change 
of  i  (wbaraaa  tha  aanoitivity  of  tha  pbotoalactric  pyroaatar 
ia  ac  order  of  aagnituda  graatar),  if  eufflciant  calibration 
pointa  ara  racordad,  a  raaaonablj  accurate  calibration  can  ba 
obtained  by  aaana  of  curaa  fitting. 

a.  Einariaaotal  Raaulta 

Tantalus  was  cboaan  as  tha  first  aaapla  for  transisot 

tharaal  diffuaivity  datareination.  Tha  high  taaparatura  tbaraal 

conductivity  and  apacific  beat  of  tantalus  have  bean  dataralnad 

3 

at  thin  laboratory  '  ao  that  tha  tbaraal  dlffuaivity  obtained 
axparlaantally  can  be  coaparad  with  the  valuta  caleulatad  froa 
tba  aquation: 


uaing  tbasa  data. 

a 

Tha  tantalus  apaclaan  waa  a  right  cylinder,  0.62$  in.  diaa. 

by  1.57?  in.  long.  Tha  canter  aight  hole  waa  drilled  at  radiua 

r^O  «  0  and  tba  outer  bole  at  r^  «  ,  where  a  ia  tha 

radiua  of  tba  aaapla.  Tha  tbaraal  diffuaivity  calculated  for 

2 

tantalum  ia  0.212  ca  /aac  at  1500**C.  When  tbeae  valuta  ara  uaad 


.  6  . 


lo  tbt  followlog  •xpr«a»lon  for  our  prtctni  opteiaM  cooflfttrotioii. 
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«  &t  of  only  0.J7  otc.  ic  iedicattd.  Tcua,  tontalua  ia  a  diffi- 
cult  aatarial  lo  aaaaura*  On  ibc  oinar  ttaad*  if  tb#  ajataa  caa  ba 
•adt  to  ataaura  tba  tharaal  diffuaiviijf  of  taoialua  Mitb  auffieiaat 
accuracy*  saaauraaaela  of  refractory  coapouada  aould  tbaa  ba 
ralativaly  aaay  bacauaa  tbair  diffuaivity  ia  uaually  laaa  tbaa 
half  that  of  tantalua. 

Table  I  givaa  a  coapariaoo  of  tba  tbaraal  diffuaiaity  of 
tantalua  aaaaurad  uitb  tba  praaant  apparatua  wltr.  tba  valuaa  cal- 
culatad  froa  the  literature. 


Cooaldariog  tba  aaall  Lt  for  tantalua*  the  reproducibility  of  the 
data  ia  excellent.  Diffuaiaity  data  between  1300®  and  1400®C  and 
between  I5OO®  and  1700®C  can  alao  be  deterained  with  the  preaent 
aetup*  but  the  teaperature-tiffle  curaea  were  not  recorded  in  a 
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•ttlUbl*  fora  for  occuroto  curt#  fittiog  in  tboco  ttnpornturo 
rnngoo.  Dot*  for  tbtot  roogtc  «ill  bt  givtn  in  •  Inttr  roport« 
but  it  aoy  bt  ntnttd  btrt  tbtt  valuta  tatiaattd  by  txtrapolation 
**itbin  20%  of  tbt  littrtiurt  valuta*  3tvtral  tvtouta  art 
atill  opto  for  ioertaaing  iht  aecuracj  of  tbt  data.  Kultiplltr 
pbototubta  with  oightr  ttgnal-to-noiat  rtaponet  art  now  on  tbt 
aarktt  and  can  bt  rtadilj  tocorporattd  into  our  prattnt  pjroatttr* 
AlaOf  an  alttroatt  tteboiqut  of  covtring  t  narrow  ttaptraturt 
rangt  ptr  run  io  btlng  invtatlgattd.  This  tteboiqut  allowt  aort 
aecuratt  ataturtatott  io  £it  by  aprtading  out  a  narrow  ttaptraturt 
rangt  ovtr  tbt  rtcordtr  chart. 


•  8  • 

®iS[iJi*j£££rt__on_St«£dj[_^t*t«_Th#rj5*l_Cooducti2jit2_^££jr«tu£ 
Tbtrsal  eooduetivltj  ■tssurtatoU  of  opoclMD*  of  slreonlua 
earbidt  havo  boon  inltiatod  aod  roaulta  will  bt  (ivtn  ia  tbt  aoit 
roport  ptriod. 

Tbt  roaalta  of  tbt  tbtraal  conductivity  ataaurtatnta  of 
il^*oiuB  carbidt  obtained  in  tbt  laboratory^  art  ia  aarktd  dia* 
agrttatat  with  tbtt  prtvioualy  reported  by  Vaailoa  and  Kiagtry^. 

Tbtrtfort,  aptciataa  of  titaaiua  carbide  were  cut  froa  oat  of  tbt 

'Id 

taaplta  ataaurtd  in  thia  laboratory  and  were  aent  to  Dr.  Nicbatl 
Moeb  of  tbt  Uaiveraity  of  Cincinnati  for  tbtraal  conductivity 
ataaureatata  by  another  technique.  It  ia  eipected  that  tbt  reaulta 
of  Dr.  Bocb  will  be  available  by  the  next  reportiag  period. 
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IV.  Statua  Rtport  on  Htating  Ttehnlgut  for  Sptciflc  Htat  Dtttralottiooa 

Tbt  dtalgn  of  tba  taaplt  boldtr  for  tba  optcifle  boat  dtitraiot* 
tlon  by  tba  pulaa  baating  tachniqua  waa  iaproaad  ovar  that  praviouoly 
daacrlbad.^  Tha  aajor  problaaa  oaarcoaa  by  tba  naw  daaifn  ara  tba 
aaaa  of  aaapla  alignaant  and  tha  davalopaant  of  voltaga  probaa  for 
uoa  wltb  aaaplaa  whara  apot  walding  tachniquaa  ara  not  aatiafaetory. 

Tba  leproaad  holdar  la  shown  in  Figura  5.  Tba  aaapla  abown  aountad 
in  tha  boldar  is  titaniua  carbida.  Tbia  aaapla  was  pulaa  baatad  to 
1500°C  aavaral  tiaas  with  no  avidanca  of  failura.  A  haating  rata 
of  6000°C  par  sacond  w.'t  usad  and  oseilloseopic  tracas  of  tba 
foltaga  and  currant  as  a  function  of  tiaa  wars  pbotograpbad.  Tbara* 
forat  spacific  baat  aaasuraaanta  can  ba  aada  on  tbia  typa  of  brittla 
aatarial.  The  sajor  raaaining  problac  is  tba  lack  of  an  apparatua 
for  accuiataly  dataraining  the  electrical  rasistiaity  of  large 
(i.a.,  non-wira)  saaplas  at  high  teaparaturas.  Daaalopaantal  work 
on  tbia  apparatus  is  under  way.  In  tha  aaantiaa,  data  to  lOOO^C 
ara  being  obtained  and  will  ba  given  in  tba  next  report. 

Tha  electrical  resistivity  of  tungsten  wire  was  aaasurad  froa 
aabiant  to  1700°C.  Tungstao/tungetan-26%  rhaniua  tbaraocoupla 
wire  has  bean  ordered  to  allow  extension  of  tha  aaaauraaant  range  ^ 
to  at  least  2300°C.  After  tba  aaasureaant  of  tba  electrical 
rasiativity  bas  bean  extended  to  the  higher  tanparatura,  tba 
spacific  beat  of  tungsten  will  be  obtained  ovar  tba  saaa  taaparatura 


range. 
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Figure  1.  Cut-Out  View  of  Transient  Thermal 
Diffusivity  Configuration 
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Fijjure  2.  Calibration  Curve  of  Photoelectric  Pyrometer 
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igure  3  Sample  Holder  for  Specific  Heat  Meai^urementti 
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